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Lienau: Gauge insertion device

Gauge insertion device
Abstract
This disclosure relates to a device for installation of gauges on the inner surface of a tubing at a
desired position and in a desired orientation. Disclosed is also a method relating thereto.

Description
This disclosure relates to inserting measurement probes into an elongated structure, especially to
inserting strain gauges into a tubing for measuring a strain thereof.
New devices usually are tested before installing them to make sure that the devices are meeting all
their requirements, e.g. are not producing too much heat, are fitting into another device or are not
breaking when an external force similar to the expected stress during operation is applied.
Tubings may be subject to external forces, e.g. during installation when bending coiled tubings or
when moving flexible tubings different parts are subject to different forces resulting in a bending of
the tubing. To measure properties of a tubing, sensors may be used.
In some cases the sensors may not touch the tubing, but may rather measure properties from a
distance. In some cases, the sensors may be attached to the exterior of the tubing. In some cases,
placement of the sensors on the outside is not feasible, e.g. because multiple tubings are forming a
mutual umbilical. In this case or when desired by the engineers, the sensors may be attached to the
inner surface of the tubing.
Placing the sensors on the inner surface of the tubing may be easy, when the sensors are attached
close to an end of a tubing or close to a connection to another tubing or part. The tubing may also be
cut, the sensors may be installed close to the cut and then the two parts of the tubing may be
reconnected. In some cases, cutting the tubing may not be favourable, e.g. because multiple tubings
are forming an umbilical, the connection decreases structural strength or for other reasons. When
installing the sensors inside a tubing and away from an ending or cutting of the tubing, both the
longitudinal position and the axial rotation of the sensors may be important in order to operate the
sensors properly, e.g. the measurement may need multiple sensors to function properly or the
sensors shall be arranged at a specific longitudinal position of the tubing.
In this example, four strain gauges have to be placed inside a tubing to monitor the strain during a
dynamic flex fatigue test at the location of maximum curvature. This test monitors the strain during
bending of the tubing to make sure that bending of the tubing during operation does not risk
structural failure. In this example, placement of sensors outside the tubing is not possible due to the
tubing being part of an umbilical and other tubings being part of the umbilical blocking the access to
the outer surface of said relevant tubing. The sensors have to be installed at the middle of the length
of the tubing as this will be the point of maximum curvature. Additionally, the strain gauges have to
be rotationally aligned with the axis around which the tubing will be bent. One gauge will be placed
at the part of the tubing, which will be subject to the largest tension, a second gauge will be placed at
the opposite site, the part of the tubing with the maximum compression. The other two gauges will
be installed at the positions in between, on the neutral axis considering the tubing is bent with no
tension.
In another example, the point of installation may be at another location of the tubing, i.e. not exactly
in the middle or in another radial configuration. In some examples, fewer or more than four gauges
or sensors may be installed. In some examples, the sensors may not be strain gauges, but other
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sensors (e.g. pressure, temperature, etc.) or another device, which shall be installed inside the
tubing. In some examples, the sensors may have to be installed in a single tubing or an umbilical
having another shape or arrangement of multiple tubings. In some examples, the tubing may not be
a round pipe, but another elongated structure having a recess or cavity in which a device shall be
installed. Envisaged is also a use of the provided method comprising cutting of a tubing or another
elongated structure and subsequently installing a sensor or another device at a distance from the cut
with subsequent reconnection of the cut tubing pieces.
To install the sensors inside the tubing, the sensors have to be moved into the tubing to a
predetermined position and have to be attached to the inner surface of the tubing.
Illustrated in the sketch below, is a device capable of inserting sensors or gauges into a tubing and
fixing them in a desired position, both laterally and axially aligned.
balloon

clip

base element
cable connection

gauge

gauge support element

Figure 1: Example of gauge insertion device
The device comprises holding devices to hold the gauges during insertion and an inflatable balloon to
move the holding devices towards the inner surface of the tubing. The holding devices comprise a
removable gauge support element and a clip to hold the removable support element during
installation of the gauges. The gauges are additionally connected to electronics for data processing
and evaluation by wires being part of the cable connection. The holding devices are arranged
circumferentially around a base element. In this example, the holding devices are arranged equally
spaced, i.e. at 0°, 90°, 180° and 270° around the base element, as the gauges shall be installed in this
configuration inside the tubing. In another example, the number of holding devices or the
arrangement may vary, depending on the intended arrangement of installed gauges. In some
examples, the clips may be an integral part of the base element. In some examples, the clips may be
elongated and form the base element. In this example, the clips are connected to the base element
by screws, however, other connectors are known in the art. The gauge support elements are held by
the clips in a way that the clips and the base element may be disconnected from the gauge support
elements. In this example, the gauge support elements are glided into the clips, the clips having a
tension towards the base element to secure the gauge support elements thereto. After installation of
the gauges, the gauge support elements stay connected to the gauges and when the installation
device is retracted from the tubing, the gauge support elements are sliding out of the clips,
disconnecting them from the device. In some examples, the gauges may be connected to the gauge
support elements, e.g. by gluing, by a connector, a receptacle, a clamp. In some examples, the
gauges may be removably attached to the gauge support elements. The gauge support elements may
be rigidly connected to the base element, e.g. when the gauges are removable from the gauge
support elements to allow retraction of the device from the tubing. In this example, the gauge
support elements comprise flexible side elements, which are in a first position when inserting the
installation device into the tubing. In the first position, the flexible side elements are bent towards to
walls of the tubing, to keep a distance between the gauge being arranged on the gauge support
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element and the wall of the tubing in order to prevent the gauge to contact the wall of the tubing. If
the gauge is glued to the wall of the tubing, the glue is applied onto the gauge prior to installation. By
keeping a distance between the wall of the tubing and the gauge, the glue will not contact the wall of
the tubing at an unintended position, thereby enabling to install the gauges at a desired position.
When reaching the desired installation position, the balloon is inflated and applies a force to the
gauge support elements and moves the gauge support elements with the gauges towards the wall of
the tubing, bending the flexible side elements to a second position. The balloon may be inflated and
deflated by a supply hose being part of the cable connection. In some examples, the installation
device may comprise a compressor for inflating and deflating the balloon. In the second position, the
gauges are in contact with the wall of the tubing, enabling the glue attached to the gauges to fasten
the gauges to the walls of the tubing. In some examples, the gauge support elements may be
movable by unfolding arms instead of the described balloon. In some examples, the gauge support
elements may be rotationally fixed to the base element and may comprise propulsion means to
rotate between the first and second position.
To install the gauges inside the tubing, the gauges are connected to the gauge support elements, e.g.
by gluing them onto the gauge support elements. The other side of the gauges is also covered with
glue to enable to fasten the gauges to the wall of the tubing. The glue may be an epoxy, a twocomponent adhesive, a non-conductive cement or another type of adhesive. In another example, the
gauges may not be covered with glue for installation, but may be fastened to the wall of the tubing
by another method, e.g. the gauge support elements may form an extendable element, which may
be extended to fix itself inside the tubing, like an inflatable ring for example. The installation device
may be moved into the tubing by pushing it at the cable connection, if the cables have a sufficient
stiffness. In some examples, the cable connection may be inside a rigid insertion device, e.g. a tubing.
In some examples, a rigid insertion means, e.g. a stick, may be connected to the installation device to
move the installation device into the tubing. In some examples, the installation device may comprise
rollers to keep the installation device aligned with respect to the central axis of the tubing. In some
examples, the rollers may be driven by a motor to provide propulsion. In some examples, the rollers
may measure the distance, the installation device has moved into the tubing. To install the device at
a desired installation position, the insertion means may have a marking at a measured distance to
show that the installation device has been inserted to a pre-determined position. After inserting the
installation device, in some examples, it may be desired to rotate the installation device to a predetermined rotational position, e.g. because the gauges shall be installed in a specific arrangement
as outlined above. To find a specific rotational alignment, the installation device may have sensors to
measure properties, which relate to a specific alignment. E.g. there may be a part of the tube, which
is not coated or is coated in order to have another electrical conductivity and may thus be found by
having an electric contact at the installation device connected to an ohmmeter. In another example,
the installation device may comprise a sensor to measure an external electrical- or magnetic field
which may be created to indicate the orientation, a heated spot of the tubing, the proximity to a
transmitter or another artificial property to determine the orientation of the installation device
inside the tubing. In some examples, the insertion means may be used to determine the orientation
of the installation device, e.g. the rollers may be used to measure the rotational alignment or the
insertion means, which is rigidly fixed to the installation device, may be used to determine the
orientation of the installation device.
Once the installation device is in the desired location and alignment, the balloon is inflated and the
gauges are pressed onto the wall of the tubing. Until the glue or adhesive has dried, this position is
maintained. Then the balloon is deflated and the installation device is removed from the tubing. The
gauge support elements are pulled out the clips, which are holding them, when moving the
installation device out of the tubing, leaving the gauges and the gauge support elements at the
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desired location. The cable connection of the gauges is also staying in place, allowing communication
with the gauges. In some examples, the gauges may be connected wireless to the electronic analysis
hardware, making the cables obsolete.
The person skilled in the art will understand, that any combination of the disclosed features as well
as similar embodiments are envisaged.
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